The interrelationship between oxidative damage caused by free radicals and many pathological condi tions such as coronary artery diseases, cancers and dia betic states is receiving a great deal of attention. The free radicals are produced as by-products of normal me tabolism and as a result of damage to cells or certain disease states, or the aging process (1) . Throughout the aging process, oxidative stress can occur as a result of increased free radical generation or decreased levels of antioxidants and/or impaired regeneration of reduced forms of antioxidants (2) . Evidence of increased oxida tive stress during the natural aging process includes ob servations of accelerated free-radical activity, decreased antioxidant plasma concentrations and reports of in creased plasma lipid peroxides with age (3, 4) .
Vitamin E is recognized as one of the most important lipid-soluble antioxidants in tissues, red cells and plasma (5) . It is one kind of chain-breaking antioxidant that prevents oxidation by trapping peroxyl free radi cals, thereby providing first-line protection against lipid peroxidation (6) . Vitamin E has also been suggested to have a potential benefit againstcardiovascular disease as an efficient free-radical quencher (7) .
Population studies have shown that high vitamin E intake is associated with a decreased risk of coronary heart disease (8) . Vitamin E supplementation (100 -400 IU) can reduce the risk of coronary heart disease by about 40% (9, 10) . Recent clinical trials have demon strated that vitamin E also has a preventive potential in many different cancer sites (11-15). Vitamin E may produce beneficial protective effects in cancer through the inhibition of cancer formation by the quenching of free radicals. Vitamin E has also been recognized as one of the nu trients that influence the immune system (16). The im mune cells contain high concentrations of vitamin E in the membrane, and hence it may have a role in protect ing the immune cells from a high risk of oxidative dam age (17).
Even though there is a substantial body of evidence suggesting the beneficial effect of vitamin E against age related pathological diseases (8-15), the mechanisms by which the vitamin E is acting have not been investi gated widely. Therefore, this study was undertaken to * To whom correspondence should be addressed . E-mail: hypkim@eve.yongin.ac.kr investigate the effect of vitamin E supplementation on several antioxidative defense systems and humoral im munities in a healthy population. The majority of vita min E supplementation studies have been focused on elderly male subjects, and comparisons among different age groups were not reported. Therefore, in this study, we used female subjects and compared the effects of vi tamin E supplementation among different age groups.
MATERIALS AND METHODS
Sixty healthy female subjects (20 to 65 y old) were recruited from the city of wonju, Korea. Twenty sub jects were 20-39 y old (young adult), another 20 sub jects were 40-59 y old (middle-aged), and the other 20 subjects were over 60 y old (elderly). All of the subjects were non-smokers and non-drinkers, and had no acute or chronic medical complications. For at least 3 mo be fore the study, the subjects did not use nutrient supple ments or any other food supplements. The subjects re ceived dl-a-tocopherol acetate (Longs Drug Stores, CA, USA) at a dosage of 400 IU per day, for 6 wk. While they were taking the vitamin E, they were checked periodi cally for supplement consumption and for any other supplement consumption. They were advised to follow similar dietary patterns and similar daily activities as before the intervention trials, and asked to report the results. Ewha womans University Review Board ap proved the protocol, and the informed consent of all subjects participating in the study was achieved.
The height of the subjects was measured to the near est 0.5cm with a conventional measuring device and weight was measured to the nearest 0.1kg with a digi tal metric scale while the subjects were lightly clothed and shoeless. Body mass index (BMI) was computed by weight/height2 (kg/m2). Systolic and diastolic blood pressures were measured to the nearest 2mmHg after the subjects were rested for 10min. Subcutaneous skin fold thickness was measured three times with a skin fold caliper at the triceps and the average value was ob 
RESULTS
Characteristics and nutrient intakes of the subjects Baseline characteristics of the three age groups are presented in Table 1 . The average ages of the young, middle-aged and elderly women were 32.7, 47.0 and 67.6 y, respectively. The height of the elderly group was PARK OJ et al. significantly lower than that of the young and middle aged groups. Body weight was not different among the groups. Body mass index, waist, hip, and waist/hip ratio (WHR) increased with age. Systolic and diastolic blood pressures were significantly higher in the elderly. Body fat percent increased with age, but significant differ ences were not observed. Nutrient intakes of the study subjects are shown in Table 2 . Elderly women had significantly lower energy, protein and fat intakes than the other groups. Among the anti-oxidant nutrient intakes, mean vitamin A and C intakes were not different among the groups. Mean vitamin C intake was in the range of 88-107% of the Korean recommended dietary allowances (RDA). However, mean vitamin A intake was very low in all three groups, and was in the range of 38-43% of the Korean RDA. Vitamin E intake was significantly lower in the elderly group compared to the other groups. The mean vitamin E intake was in the range of 54-88% of the Korean RDA. The elderly group consumed only 53.9% of the Korean RDA (10mg/d).
Effects of vitamin E supplementation on plasma vitamin E concentration
The baseline a-tocopherol concentrations of the sub jects were not different among thegroups, and were above 0.8mg/dL, which that is considered to be the lower limit of plasma vitamin E (Table 3 ). After the 6 wk treatment of 400IU of a-tocopherol, all three age groups had almost doubled their plasma vitamin E con centrations. After supplementation, the greatest re sponse was observed with the elderly subjects. However, when plasma vitamin E concentration was expressed per g lipid, all three groups showed a similar degree of elevation in their vitamin E concentrations after supple mentation. Because most tocopherol in the plasma was in the form of a-tocopherol, total vitamin E concentra tion showed a similar tendency with a-tocopherol. Effects of vitamin E supplementation on antioxidant defense system and immunoglobulin concentrations Table 4 shows changes in several antioxidative de fense systems by vitamin E supplementation. The plasma concentration of TBARS, which represents products of fatty acid peroxidation, was higher in older women. When a-tocopherol was supplemented, plasma TBARS significantly decreased in all age groups. The baseline radical scavenger activity (RSA) of red blood cells was lower in the middle-aged group. The RSA in creased significantly in all age groups following vitamin E supplementation, the change being the highest in the elderly group. Meanwhile, erythrocyte glutathione per oxidase and catalase activities were not affected by age or vitamin E supplementation.
Data on the plasma concentrations of immunoglobu lin G, M, and A at the baseline and after vitamin E sup plementation is presented in Table 5 . IgA concentration was higher in the older women, but other immunoglob ulins were not different by age group. Vitamin E supple mentation had no effect on the humoral immunity of the subjects.
DISCUSSION
This study evaluated the effects of vitamin E supple mentation on plasma vitamin E levels, antioxidative de fense systems, and plasma immunoglobulin concentra tions in three age groups: young adult (20-39 y old), middle-aged (40-59 y old) and elderly (>60 y old) women. It was shown that dietary vitamin E supple mentation significantly increased theplasma tocopherol concentrations and tocopherol/lipid ratios in all three age groups. Incremental change of plasma vitamin E was observed in several other vitamin E supplementa tion studies (24) (25) (26) .
There is a question as to whether or not this incre ment in vitamin E really has an affect on anti-oxidative defense system-related parameters. In our study, the plasma TBARS level was lowered significantly, and red blood cell RSA lag time was delayed in all three age groups by vitamin E treatment. An increase in RSA fol lowing vitamin E supplementation was observed in all age groups, with the highest increment in the elderly group. The reason why the elderly group showed the highest RSA is not clear, but it seems to be related to the greater elevation of serum vitamin E concentrations. The several antioxidative enzyme activities were not af fected by vitamin E supplementation.
Several epidemio logical findings have suggested that the low conceeeentra tion of serum vitamin E is related to an increased fre quency of cardiovascular disease mortality (25, 26) . Furthermore, it has been shown that the consumption of 100 IU vitamin E reduced arterial lesion progression significantly over a 2-y period (8) . Therefore, these ben eficial effects of vitamin E against cardiovascular dis ease might be directly related to its peroxide and radi cal-scavenger activities.
In contrast to the demonstration of the effectiveness of vitamin E supplementation on humoral immune re sponses in normal elderly subjects (16), there was no clear indication that vitamin E supplementation modu lated humoral responses in this study. This discrepancy might be related to the differences in the dose and dura tion of the supplementation and the study subjects. De Waart et al. (27) observed that a relatively low dose of 100mg of dl-a-tocopherol did not affect humoral re sponses in elderly subjects.
There are reports showing that cell-mediated im mune response in elderly women is significantly altered by vitamin E supplementation (23, 28) . Cell-mediated immune responses were not analyzed in this study. The beneficial effects in cell-mediated immunity in vitamin E-supplemented elderly subjects are described in the re view of Moriguchi and Muraga (29) . Furthermore, the co-treatment of vitamin E and vitamin C may have an immuno-stimulatory effect in elderly subjects as demonstrated in the study of de la Fuente et al. (30) . The mixture of vitamins and minerals had a specific in crease in delayed cutaneous hypersensitivity in the eld erly subjects (31) .
The data from the present study indicates that the peroxidation of plasma lipids in the subjects studied can be lowered by vitamin E supplementation. In addition, the radical scavenging activities of the red blood cells can be significantly increased by vitamin E supplemen tation. The antioxidative effects of vitamin E supple mentation were shown in a wide range of adult age groups. Therefore, even though the benefit of supple menting vitamin E for imuno-stimulation was not clearly shown in this study, supplementation of vitamin E may be beneficial as a preventive measure for the complications related to oxidative damage. 
